INTRODUCTION
Kombucha is a traditional fermented beverage originating from the northeast China (former Manchuria region) and later spread to Russia and the rest of the world. Nowadays, Kombucha has become very popular in the Western world (North America and Europe) and is often claimed to exhibit healthful properties, which include anti-microbial, anti-oxidant, anti-carcinogenic [Jayabalan et al., 2011] , anti-diabetic [Hiremath et al., 2002; Aloulou et al., 2012] effects, as well as treatment for gastric ulcers [Banerjee et al., 2010] and high cholesterol [Yang et al., 2009 ]. It has also been shown to impact the immune response [Ram et al., 2000] and liver detoxifi cation [Lončar et al., 2000] .
Kombucha is typically prepared by fermenting sweetened black tea inoculated with tea fungus pellicle or previously fermented broth (i.e. Kombucha) at a level of 100-200 mL/L. The substrate is incubated statically under aerobic conditions at 20-28°C [Sievers et al., 1995] . Duration of fermentation could differ, even up to 60 days, and in that case, the obtained [ Greenwalt et al., 2000; Kurtzman et al., 2001] . Acetic acid, ethanol and gluconic acid are the main tea fungus products [Blanc, 1996] . Other components present in Kombucha are fructose, glucose, ethyl-gluconate, oxalic acid, saccharic acid, keto-gluconic acids, lactic acid as well as tea components (catehins, theafl avins, fl avonols etc.), and enzymes (invertase, amylase, other oxidative enzymes etc.) [Reiss, 1994; Greenwalt et al., 2000] . Although the type of sugar (sucrose, lactose, glucose or fructose) may have a distinct infl uence on the formation of ethanol and lactic acid, the concentration of individual sugars has no pronounced effect [Reiss, 1994] . When lactose was used as a carbon source, the fi nal products of fermentation were acetic and lactic acid as well as ethanol [Belloso-Morales & Hernández-Sánchez, 2003] . Lactic acid appears in Kombucha in its most potent L-form [Malbaša et al., 2002] . L-Lactic acid is the biologically important isomer that assists circulation of the blood and prevents decay in the bowels and constipation. Also, it maintains the balance between acids and alkalines, as well as stimulates secretion of stomach enzymes and detoxifi cation process [Kaufman, 1995] .
It is well known that lactic acid is the major product during sugar fermentation in lactic acid bacteria (LAB), but these bacteria were not detected in the Kombucha according to Sievers et al. [1995] . Generally, there are insuffi cient data about the presence of LAB in Kombucha, i.e. tea fungus culture and their number during fermentation of sweetened tea. One of the reasons is that the majority of microbiological analyses of tea fungus have been based on culture techniques [Chakravorty et al., 2016] . Recently, Marsh et al. [2014] have performed sequence-based analysis of the bacterial and yeast populations of Kombucha. They were identifi ed Lactobacillus spp. as prominent population (up to 30%), with a number of sub-dominant genera. According to Marsh et al. [2014] , lactobacilli have been isolated in only two previous Kombucha studies, both of which focused on Chinese Kombuchas. Velićanski [2012] did not detect LAB (streptococci, lactobacilli and bifi dobacteria) in tea fungus which was used in her study as a starter culture. In the absence of LAB, the lactic acid during tea fungus cultivation was formed by AAB from ethanol and acetic acid [Reiss, 1994] . Yeasts lack the lactate dehydrogenase enzyme, and are unable to process during glycolysis and produce lactic acid from pyruvate [Gao et al., 2009] .
Previous results of Velićanski [2012] also have shown very low viability of starter commercial LAB cultures during Kombucha fermentation. Taking into account benefi cial health effects of LAB (especially as probiotics), as well as the absence of literature data, the author tested the possibility to produce a Kombucha with improved functional (probiotic) characteristics using commercial cultures of LAB. Probiotic foods which contain viable cells (least 10 6 cfu/mL) of probiotic cultures such as lactobacilli and bifi dobaterium provide several health benefi ts, as they help in maintaining a good balance and composition of the intestinal microbiota, and increase the resistance against invasion of pathogens [Tripathi & Giri, 2014] .
The aim of this study was therefore to test viability of selected wild strains of lactobacilli during Kombucha fermentation, their interaction with tea fungus and their contribution in obtaining a beverage of increased functional characteristics compared with the traditional one.
MATERIALS AND METHODS

Tea fungus
Fermentation was performed by using the local tea fungus culture, for which previous studies showed that it contained at least fi ve yeast strains (Saccharomycodes ludwigii, Saccharomyces cerevisiae, Saccharomyces bisporus, Torulopsis spp., and Zygosaccharomyces spp.) and two bacterial strains of the Acetobacter genera [Markov et al., 2001; Velićanski, 2012] .
Tea fungus cultivation
The substrate for tea fungus cultivation was prepared by adding 70 g of sucrose into 1 L of tap water. The medium was boiled and 3 g/L of black tea ("Fructus", Bačka Palanka, Republic of Serbia) was added. After 15 min, tea leaves were removed by fi ltration. After cooling it to the room temperature, the tea was inoculated with 100 mL/L of the fermentation broth from the previous fermentation obtained under the same conditions. Sterile glass jars (volume 0.72 L, diameter 8 cm) were fi lled in with 0.33 L of inocula. The glass jars were covered with a cheesecloth, and the fermentation at 28±0.2°C was monitored to obtain a beverage of optimal acidity (TA=4-4.5 g/L). All fermentations were performed in triplicate.
Preparation of lactobacilli suspensions for inoculation
Suspensions of lactobacilli for inoculation were added into the fermentation broth two days after the beginning of fermentation. Wild Lactobacillus strains (Lb-1-Lb-5) included in this study were isolated from traditional fermented food from the territory of the Republic of Serbia (Table 1) . Identifi cation of strains was performed by the molecular identifi cation by using (GTG) 5 -PCR and sequence analysis of 16S rRNA gene. Strains were stored at -80°C in Lactobacillus MRS Agar (Himedia, Mumbai, India), supplemented with 200 g/L of glycerol in the Laboratory of Microbiology, Faculty of Technology, University of Novi Sad, Serbia. Wild Lactobacillus strains from the stock were subcultured twice in MRS broth (Himedia, Mumbai, India) at 28°C for 24 h. Subcultured wild strains were centrifuged at 2504×g (LC-320 centrifuge, Tehtnica, Železniki, Slovenia) for 15 min. The sediment was resuspended twice in 8.5 g/L NaCl and centrifuged under the same conditions. Each suspension was separately added into glass jar after 48 h from the start of Kombucha fermentation in the quantity of 10% (v/v). The expected number of lactobacilli at the start point of fermentations was not lower than 10 7 cfu/mL, while the exact number was determined by the pour plate method one hour after inoculation and during the following two days.
Sampling
Sampling of fermentation broth during tea fungus cultivation was performed periodically for further analysis. Each glass jar was sampled only once in order to avoid a potential contamination. From each jar, 1 mL of fermentation broth was taken under sterile conditions for the microbiological analysis and 20 mL for measuring the pH value and TA. The control sample (Control Kombucha) was sweetened black tea which was not inoculated with lactobacilli. After four days of fermentation, samples of Kombucha inoculated with Lactobacillus strains were bottled and stored at +4°C for testing bacteria viability during storage. During 10-day storage, samples were taken to determine pH, TA and number of lactobacilli.
Methods of analysis
The pH values were measured by using an electronic pH meter (HI 9321, HANNA Instruments, Limena, Italy) calibrated at pH 4.0 and 7.0. The TA was determined according to Jacobson [2006] . After removing CO 2 from the fermentation broth, a 20-mL aliquot was taken and titrated with 0.1 mol/L of NaOH. The TA was expressed in grams of acetic acid per liter of the sample. D-lactic acid and L-lactic acid content was determined by using D-/L-lactic acid kit (Megazyme, Co. Wicklow, Ireland, K-DLATE 06/08). Number of yeasts, AAB, lactococci, lactobacilli, and bifi dobacteria in the fermentation broth was determined by the plate counting method. The medium for enumeration of yeasts was Sabouraud-4% Maltose Agar (Merck, Darmstadt, Germany) with the addition of 50 mg/L of chloramfenicol (Sigma-Aldrich, St. Louis, USA); plates were incubated at 28°C for 72 h. The medium for the determination of the number of AAB was Yeast Peptone Mannitol Agar (Difco, Detroit, USA), containing 500 mg/L of cycloheximide (Sigma-Aldr ich, St. Louis, USA). The incubation at 28°C took 5-7 days. Number of lactobacilli was determined using Lactobacillus MRS Agar (Himedia, Mumbai, India) by adding 500 mg/L of cycloheximide. Streptococci was determined by using M17 Agar Base (Himedia, Mumbai, India) under aerobic conditions at 28°C for 72 h. Number of bifidobacteria were determined by using Wilkins Chalgren Anaerobic Agar Base (Himedia, Mumbai, India) and TOS MUP Medium (Merck, Darmstadt, Germany). The incubation was performed under anaerobic conditions by using Anaerocult A ® (Merck, Darmstadt, Germany) at 28°C for 72 h.
Statistical analysis
All experiments were performed in triplicate, under the same conditions, while each quantity was measured three times.
The obtained values used for further processing are the averages of all the measurements presented as a mean ± standard deviation. Analysis of variance (ANOVA) and Tukey's HSD test for comparison of sample means were used to analyze variations in the observed parameters among the samples. The data were processed statistically using the software package STA-TISTICA 10.0 (StatSoft Inc., Tulsa, OK, USA).
RESULTS AND DISCUSSION
Chemical and microbial changes during Kombucha fermentations
Results of determination of lactobacilli, streptococci, and bifi dobacteria (LAB) numbers in the fermentation broth prior to inoculation and during fermentation of Control Kombucha showed absence of these bacteria ( Table 2 ). Wild strains of lactobacilli Lb-1-Lb-5 (Table 1) were separately added the second day of tea fungus cultivation after chemical (pH and TA) and microbiological (number of yeasts and AAB) analysis of the fermentation broth. One of the reasons why lactobacilli were not added at the beginning of cultivation was to avoid the osmotic stress, which cells would be exposed to due to a high concentration of sucrose (70 g/L) as the only carbon source in the cultivation medium [Panesar et al., 2007] . The other reason is a more favorable profi le of sugar as a carbon source for lactobacilli in the cultivation medium after two days of fermentation. Namely, the previous results have shown that after two days of cultivation of tea fungus, the greatest portion of sucrose in the broth was hydrolyzed and that quantities of glucose and fructose in the fermentation broth were less than 20 g/L [Cvetković et al., 2008] . Such conditions in the cultivation broth are much more favorable for lactobacilli, both in terms of concentration and type of the carbon source, bearing in mind that LAB easily uptake glucose and fructose [Nauth, 2006] . In addition to the nutrient type and concentration, LAB viability and fermentation ability are also affected by cultivation temperature and pH of the environment. Temperature for tea fungus cultivation of 28°C is not a limiting factor for growth of LAB and proliferation as, according to the data, the optimal temperature for growth of LAB varies across genera from 20 to 45°C [Kandler & Weiss, 1984] . Depending on the optimal temperatures, most LAB come under the mesophilic category [Panesar et al., 2007] . A pH of a fermentation broth has a more signifi cant impact on the survival and physiological activity of LAB in the course of Kombucha fermentation. According to the data of Panesar et al. [2007] , an optimal pH range for rapid and complete carbohydrate fermentation by LAB is 5.5-6.0. Fermentation is strongly inhibited at a lower pH and ceases at pH values below 4.5. As a matter of fact, a signifi cant reduction in the number of commercial cultures (Lactobacillus acidophilus LAFTI ® L10, Lactobacillus delbrueckii ssp. bulgaricus and Lactobacillus casei LAFTI ® L26 (DSM Food Specialties, Australia)) used in the previous study of Velićanski [2012] , can be explained by unfavorable values of environment pH. Also, these cultures of lactobacilli were intended for milk fermentation and their selection was made on the basis of conditions existing during milk fermentation, which are different from those during Kombucha fermentation. According to the results presented in Table 2 , statistically signifi cant differences (p<0.05) between the means in the number of lactobacilli were observed for most of the samples after the inoculation (the second fermentation day). Signifi cant differences were also noticed in most of the samples between means in the content of D-lactic acid and L-lactic acid .
The pH value of the sweetened black tea before inoculation was 6.94 and it declined to 4.29-4.52 after the inoculation with the fermentation broth from the previous cultivation (Table 3) . After two days of fermentation, the pH decreased by about 1 unit and in the next two days the decrease was only by 0.3--0.4 units. At the end of the process, the pH of fermentation broths reached values of 3.03-3. 16 . Changes in the pH during tea fungus cultivation were similar for both, Control Kombucha as well as medium inoculated with Lactobacillus strains. The TA (Table 3) increased constantly from the beginning till the end of the fermentation for all samples. TA of cultivation medium after inoculation was around 0.3 g/L and after two days of fermentation, it reached 1.62-2.16 g/L. In the following two days, some differences were noted between the acidity of samples. The highest TA at the end of fermentations was determined for Kombucha with strain Lb-3 (7.01 g/L), which was higher by 0.78-1.55 g/L compared with the other beverages. The TA of the Control Kombucha after four days of fermentation was 6.23 g/L. During Kombucha fermentations, the value of pH decreased signifi cantly (p<0.05) in the fi rst two days as a consequence of the physiological activity of the tea fungus and production of organic acids (primarily acetic acid). After this period, the pH changed much slower despite the continued production of organic acids ( a critical parameter instead of pH which determines the end of fermentation. Beverages with optimal consumption acidity (TA=4-4.5 g/L) in this paper were obtained in less than four days of fermentation. The number of yeasts after inoculation was in the range from 5.50 to 5.78 log cfu/mL (Table 3 ). In the following 24 h, this number increased by up to one log unit. After that, the number of yeasts in the fermentation broth was uniform until the end of the process, for most of the samples (6.65--6.80 log units at the end), which has been confi rmed by Tukey's HSD test (Table 3 ). The number of AAB at the start of fermentation was in the range from 4.16 to 4.92 log cfu/mL ( Table 3 ). The highest number of AAB at the end of fermentation was detected for Kombucha+Lb-3 (6.38 log cfu/mL) while Control Kombucha had the lowest AAB number (5.46 log cfu/ mL). The number of AAB in fermentation broths reached the maximum after two days of fermentation for samples Kombucha+Lb-1 (6.30 cfu/mL), Kombucha+Lb-2 (6.10 cfu/ mL), and Kombucha+Lb-5 (6.17 cfu/mL); after three days for Control Kombucha (6.34 cfu/mL) and Kombucha+Lb-4 (6.11 cfu/mL); and after four days for Kombucha+Lb-3 (6.38 cfu/mL). Afterwards, the number of cells was reduced by 0.35-0.89 log units until the end of fermentation. Numbers of yeasts and AAB in fermentation broths during tea fungus cultivation obtained in this study are comparable with the results reported by other authors. Teoh et al. [2004] found that the count of individual yeast species in fermentation broth was 4 log units at the beginning of the process and reached the maximum of 7 log units on the sixth day. During fermentation, the viable population of yeasts in Kombucha beverage followed a standard growth curve pattern, in which yeast grew exponentially for up to 8-10 days, dying off as nutrients depleted and pH decreased. Sreeramulu et al. [2000] studied the growth patterns of AAB in Kombucha fermentation broth and found that the count of AAB increased rapidly in 4 days of fermentation (from 4 log units at the start of fermentation to more than 7 log units after 4 days), declined drastically in 6 days of fermentation, and thereafter continued to decrease. The decreased count of AAB during tea fungus cultivation was probably caused by an acid shock. Production of acetic acid during tea fungus cultivation is directly related to the physiological activity and the count of AAB which enzymatically oxidize ethanol into acetic acid. However, the physiological activity of AAB during tea fungus cultivation cannot be considered separately from the role of yeasts in this consortium, it being the carbon source (glucose, fructose, and ethanol) needed by AAB. However, in all fermentations in this study, the number of yeasts and AAB during cultivation was not below 6 log cfu/mL, i.e. 5 log cfu/mL (Table 3 ) which has provided effi cient biotransformation of sweetened teas according to the TA results. These data on the number of yeasts and AAB are signifi cant in the development of a concept of using isolated strains (pure culture) of yeasts and AAB as a starter culture for Kombucha fermentation.
The results of determinations of pH, TA, number of yeasts and AAB during Kombucha fermentation clearly demonstrated that the addition of wild strains of lactobacilli on the second day of fermentation affected the growth pattern, i.e. number of cells and physiological activity of tea fungus.
The cell number of wild Lactobacillus strains in fermentation broth determined after inoculation was between 7.13 (Lb-5) and 8.16 log cfu/mL (Lb-1) ( Table 2 ). This number was maintained until the end of the process only for strain Lb-1 (L. hilgardii). At the end of fermentation, cells of Lb-2 and Lb-3 were not detected in Kombucha beverages. At the same time, the initial number of strains Lb-4 and Lb-5 during fermentation decreased by 5 log units. In the case of strains Lb-3, Lb-4, and Lb-5 a signifi cant reduction in their cell number was detected 24 h after inoculation (5.36, 3 .93, and 4.66 log unit, respectively), which confi rms an assumption that Kombucha fermentation broth is not the most favorable environment for growth and proliferation of lactobacilli. Lee et al. [2016] have also examined the infl uence of different initial pH values at 30°C on the growth rate of LAB. According to their results, all strains of L. plantarum did not grow at the initial pH of 2.0, while their slow growth was observed at the initial pH of 3.0. On the other hand, the species L. hilgardii seem to be more tolerant to lower pH, as well as to high concentrations of ethanol and the environments with minor nutrient concentrations [Reis et al., 2018] . Cell number of Lactobacillus hilgardii from the moment of inoculation until the end of fermentation decreased only by 0.5 log cfu/mL. However, despite the largest number of viable cells during Kombucha fermentation, Lactobacillus hilgardii did not produce the largest quantity of lactic acids ( Table 2 ).
The highest content of lactic acids (247.6 mg/L and 95.5 mg/L of D-and L-lactic acid, respectively) at the end of the process was produced by strain Lb-4 (Lactobacillus plantarum from 40-day old cream) ( Table 2) in spite of a signifi cant reduction (p<0.05) in the number of cells during fermentation (4.59 log units) ( Table 3 ). In turn, the lowest content of d-and l-lactic acids was produced by strains Lb-2 (58.2 and 37.6 mg/L, respectively) and Lb-3 (11.1 and 53.6 mg/L, respectively). The contents of L-and D-lactic acids in the Control Kombucha after 4 days of fermentation were 38.4 and 7.7 mg/L, respectively. These results point to the fact that viability of lactobacilli does not necessarily have to infl uence the production of lactic acids. That is confi rmed by Mathara et al. [2008] who reported about situations in which cell viability was not required for the physiological activity of LAB. In these cases, health benefi cial effects have been linked to non-viable cells or to cell components, enzyme activities or fermentation products. However, wild strains of lactobacilli signifi cantly affected the content and profi le of lactic acid in fermentation broths and beverages ( Table 2 ). In all fermentation broths, 24 h after inoculation with wild strains (the third day of cultivation), a signifi cant (p<0.05) increase was detected in the content of L-and D-lactic acid, compared with Control Kombucha. In the following 24 h, the increase continued except for strain Lb-3 where d-lactic acid content was by 3.3 mg/L lower than on the previous day. Hence, while L-lactic acid predominates in the Control Kombucha, D-lactic acid prevailed in beverages obtained by the addition of wild strains. The content of D-lactic acid in the fermentation broth was higher than that of L-lactic acid for all wild strains with the exception of strain Lb-3 (Lactobacillus plantarum from 2-month old cheese). Malbaša et al. [2008] found that L-lactic acid was dominant in Kombucha and its fi nal concentration af-ter 14 days of fermentation on sucrose was 53 mg/L. Belloso--Morales & Hernández-Sánchez [2003] found that production of lactic acid in the black tea Kombucha reached a maximum (1.15 g/L) after 96 h of cultivation. Generally, some differences in chemical parameters (such as lactic acid content), process duration, and cell counts in Kombucha beverages obtained in different studies are expected because of using inoculums (tea fungus culture) from different locations. The variations could be due to geographic, climatic, and cultural conditions as well as local species of wild yeasts and bacteria or, possibly, due to cross-contamination between cultures [Mayser et al., 1995; Teoh et al., 2004] .
Survival of wild strains of lactobacilli in Kombucha during storage
After fermentation, the beverages containing living cells of wild strains of lactobacilli (Lb-1, Lb-4, and Lb-5) were bottled and stored at +4°C. Changes of pH and TA, as well as the number of cells during storage for a period of 10 days are presented in Table 4 . After 2 days of storage, cells of strains Lb-4 and Lb-5 were not detected in the bottled samples. During 10 days, the chemical characteristics (pH and TA) of each of three beverages changed statistically signifi cantly (p<0.05), except TA for beverage with strain Lb-5. At the same time, the number of Lactobacillus hilgardii (Lb-1) in the beverage decreased by 0.37 log cfu/mL. According to the Tukey's HSD test, statistically signifi cant differences (p<0.05) were noticed between mean numbers of lactobacilli during the storage period.
Strain Lb-1 (Lactobacillus hilgardii) showed an outstanding viability during both Kombucha fermentation ( Table 2) and storage ( Table 4 ). Resistance of Lactobacillus hilgardii to ecological conditions during fermentation and storage can be brought into correlation with the origin of this wild strain, which was the only one isolated from the sourdough. Sourdough is a medium which represents association of LAB and yeasts, and Lactobacillus hilgardii is a LAB species generally associated with sourdough fermentation [Corsetti & Settanni, 2007] . It is well known that strains isolated from traditionally fermented food have enhanced metabolic activities in comparison to microorganisms that are used as industrial starter cultures [Klijn et al., 1995] . These include differences in growth rate and competitive growth behavior in mixed cul-tures, adaptation to a particular substrate or raw material, antimicrobial properties, and fl avor, aroma, and quality attributes [Leroy & De Vuyst, 2004] .
CONCLUSIONS
Wild strains of Lactobacillus spp. have a potential to adapt to the environment such as Kombucha fermentation broth. Addition of these strains during Kombucha fermentation had no effect on the physiological activity of tea fungus, but contributed to a signifi cant increase in lactic acids content in the beverage. The survival ability of wild lactobacilli, along with their ability to produce greater quantities of primarily L-lactic acid and possible probiotic properties, are key factors in the selection of strains which could be used in Kombucha fermentation. All the mentioned should result in producing a beverage of increased functional properties which is to be confi rmed by further study. 
